This report lists nomenclature recommendations resulting from a six-year study of problems common to the disciplines of mineralogy and crystallography. The recommendations include definitions of polytypism, topotaxy, syntaxy, and epitaxy, certain criteria for mineral names, preferred format for chemical formulae, and preferred symbols for crystallographic axes and repeat distances. Two recommended systems of structural symbols to be used to differentiate polytypes are presented.
Introduction
This Joint Committee was set up to consider problems of nomenclature that are common to the disciplines of mineralogy and crystallography. In particular, the committee was asked to consider problems resulting from the phenomenon of polytypism in layered structures and to recommend a system of notation for polytypic structures. In addition, solicitation of other problems for consideration was made through both organizations and by each committee member in his own country. All business of the committee was conducted by corrrespondence, and after discussion of issues the votes taken were considered final only if there was a substantial majority on one side. The final report presented here has received official approval of both the International Mineralogical Association and the International Union of Crystallography. Due account has been taken of all comments and criticisms presented by the Nomenclature Committees and Councils of both societies.
The report will be divided into three parts. §I includes definitions of terms and general recommendations. §II describes a system of polytype notation based on symmetry and unit cell repeats that can be used if the structure is unknown. §III describes a more complex system of polytype notation that specifies the exact sequence of sheets and layers in the structure. Most of §III will be published separately as an original contribution by the authors of the system.
I. Definitions and general recommendations
A. Polytypism is the phenomenon of the existence of an element or compound in two or more layer-like crystal structures that differ in layer stacking sequences. The layers need not be crystallographically identical, but should be similar. Polytypism differs from polymorphism (in the present and strict definition of the latter term) in permitting small differences in chemical composition between structures, not to exceed 0.25 atoms per formula unit of any constituent element. Layer structures that differ from one another by more * This report has also been published in The American Mineralogist. than this amount are to be called polytypoids rather than polytypes. Comment: The definition above is designed to create enough leniency to make polytypism a useful concept. There is increasing evidence that some polytypes are characterized either by small deviations from stoichiometry of the major elements or by small amounts of impurities. Likewise, the layers may be distorted slightly differently from one polytype to another so that they are non-equivalent in a strict crystallographic sense. The committee has not considered a redefinition of polymorphism, but it is evident that a similar argument as to small chemical differences could be made for that term as well. The true distinction is that the unit cells of polytypes are simply related (by stacking differences), whereas those of polymorphs (that are not polytypic) are not simply related.
B. In general, polytypes should not receive individual mineral names. Instead, a set of related polytypes should be designated by a single name followed by a structural symbol suffix that defines the layer stacking differences. At the present time a, b, c often are used both for axial directions and for repeat distances. A previous objection that X, Y, Z might be confused with optical directions has been nullified by wide acceptance of e, t, and ~, for the latter usage. Comment: No examples of monotaxy are known to the committee, but this is a desirable term that could be used for such cases if they are recognized in the future.
M. Adjectival forms of the terms defined under I through L above may end in -tactic or -taxic, but not in -axial. For example, epitactic and epitaxic are acceptable, but epitaxial is not acceptable.* (Vote 7-0 in favor.) N. No agreement was reached by the committee on a definition for polycrystal, nor on the necessity for such a term.
H. Modified Gard notation system
The Committee has examined systems of structural symbols * Editorial note: Although -tactic has been used throughout this report, the Editors of Acta Crystallographiea and Journal of Applied Crystallography prefer -taxic for etymological reasons (Schneider, 1963) . already in the literature for polytypic structures. These notation systems can be divided into two categories. The first category includes systems that can be used without knowledge of the crystal structures, i.e. the exact stacking sequence of layers. Such systems necessarily make use of observable characteristics, such as symmetry, periodicity of layers, interchange of axes, etc. The second category includes notation systems that specify in some manner the exact stacking sequence of layers.
Most notation systems in the literature have been designed specifically for certain types of structures and, in the opinion of the committee, cannot be applied universally to polytypes with quite different structures. Several notation systems that showed promise were examined in more detail and modified as needed. The committee recommends adoption of one such notation system for each of the two categories mentioned above, as described in detail in the remainder of §II and in § III of this report, respectively. Gard (1966) has described a nomenclature system /'or fibrous calcium silicates that has been modified by A. Kato and H. Schulz of this committee. The modified Gard system is recommended here (vote 64) in favor) because it takes into account multiple periods along all three axes as well as the interchange of axes relative to a standard subcell. For polytypes with no interchange of axes and with multiple periods only normal to the layers, a simplified version of the notation is similar to that introduced by Ramsdell (1947) for SiC and in common usage for phyllosilicates. Although this modified notation system has been adapted here to describe polytypes, it is evident from the examples considered below that it also can be useful in other non-polytypic cases involving permutations of axes or superlattices in one or more directions.
In this system the symbol to describe polytypic phases is composed of a mineral name and an italicized suffix, combined by a hyphen. The suffix contains four positions, with a few additive marks when necessary. The first position in the symbol is filled by one or more capital letters to indicate the crystal system of the compound:
Three lower-case letters, accompanied by numbers when necessary, following the symmetry symbol indicate the periodicities of the three unit-cell edges (in the order a, b, c) of the compound relative to those of the smallest parental subcell of the polytypic system. Thus, molybdenite-2H is written as molybdenite-Itaa2c and molybdenite-3R as molybdeniteRaa3c. In cases where the true symmetry is unknown or where the pseudosymmetry is of special interest, the letter P (abbreviation of pseudo-) is added before the symmetry symbol. For example, PH means pseudohexagonal. Thus, pearceite could be written as pearceite-PHabc and arsenopolybasite as pearceite-PH2a2b2c. If desired, a space can be used between each of the four positions within the symbol. Permutations of axes relative to the parental subcell are easily indicated by permuting the appropriate symbols. For example, bayerite = gibbsite-PORabc, hydrargillite = gibbsite-Mbac, and gibbsite = gibbsite-PM2b2ac. The definitions of these species are as given by Strunz (1966) .
In order to distinguish the polytypes ofxonotlite described by Gard, such as P121 and P~21, both of which are given as Ma2bc or PORa2bc according to the proposed system, an additional symbol d (abbreviation of disordered) is written as a subscript to the letter involved. That is, Poo21 is written as Mad2bC or PORad2bC.
In order to reconcile the present notation with that of Ramsdell, the following simplification can be made. If the four-position notation expresses a tetragonal or hexagonal compound, the first two cell edges are the same, as in graphite-Haa2c. In this case, it is permissible to delete the first two cell edges and to place the periodicity of the third cell edge in front of the capital letter(s) symbolizing the crystal system. Then graphite-Haa2c becomes graphite-2H.
This rule also is applicable to the case of pseudohexagonal symmetry. In this case, the deleted letters are not always aa but may be ab, ba, etc. where b = al/3. Thus, indialite may be given as cordierite-lH and cordierite (s. str.) as cordierite-1 OR or cordierite-1PH.
In the case of the mica polytypes, 2M1 and 2M2 require different treatment. Thus, muscovite-2M1 =muscovite-Mab2c or -PHab2c can be shortened to muscovite-2M or -2PH. But muscovite-2M2 =muscovite-Mba2c or -PHba2c should retain the long symbol if it is desired to express the reversal of axes. But this system is not intended to replace symbols, such as 2M1 and 2M2, that are useful and have international acceptance.
Examples of the proposed nomenclature system are given in the Appendix for a representative number of mineral groups. The mineral names tabulated were chosen in the order of familiarity and are intended to be illustrative, rather than definitive, and to cover related phases by the least number of names. It should be recalled also ( §I) that the committee does not necessarily recommend that all traditional names be dropped.
III. Zvyagin, Dornberger-Schiff and I~urovi~ symbols
In certain polytypic systems it is quite possible to have a large number of different polytypes that would have identical modified Gard symbols. For such cases it is desirable to have available a more detailed symbolism that would allow specification of the exact stacking sequences of layers involved, where known. Such detailed systems are necessarily complex, and the ideal goal is a system that gives the necessary information in an understandable format. Too complex a system will tend not to be used, except perhaps by a few experts in the field.
The Joint Committee is aware of only two nomenclature systems that are both generalized and detailed enough to allow universal application. One is the system of B. B. Zvyagin (1967), as published in his book Electron-Diffraction Analysis of Clay Mineral Structures but modified for the benefit of the committee in order to be of more general application. The other is unpublished and was submitted to the committee by K. Dornberger-Schiff and S. I3urovi6. The Zvyagin system makes use of structural units, such as the component sheets and layers in the structure. An origin is specified within each structural unit and the displacement or rotation of these origins and units relative to one another and to the resultant crystallographic axes is given by a sequence of symbols with attached subscripts and superscripts. The Dornberger-Schiff and I)urovi6 system incorporates several features of the Zvyagin system relating to the displacement and orientation vectors. The major difference is that the Dornberger-Schiff and I)urovi6 system uses asymmetric units, which may not be the most obvious structural units in the Zvyagin scheme, and emphasizes the symmetry relationships between these. The system is based on O-D theory (O-D=order-disorder), but a detailed knowledge of the theory is not necessary for application. It is shown that the symbols of H~igg and Zhdanov are special cases of the proposed general system.
In recognition of the features that are common to the Zvyagin system and to the Dornberger-Schiff and I3urovi6 system, the respective authors have agreed to combine their separate proposals into a single unified system so far as possible. Preparation of this generalized system is still in progress at the time of this report, but it is anticipated that the authors will publish their results jointly at a later date and will indicate their areas of agreement as well as any unresolved problems. The Joint Committee recommends usage of this generalized notation system for those cases in which specification of the exact stacking sequence of layers is important.
APPENDIX
Examples of apl~lication of the modified Gard nomenclature to some representative mineral groups, followed by traditional names in parentheses (Not all examples are strict polytypes)
